The chemical species of arsenic in the hair, blood and urine of workers exposed to the dust of arsenic trioxide were studied.
(Received October 8, 1980) The chemical species of arsenic in the hair, blood and urine of workers exposed to the dust of arsenic trioxide were studied.
The total arsenic concentration in the hair of the workers was very high, and analysis of the arsenic compounds for chemical species showed that inorganic arsenate accounted for the major portion. These arsenic compounds seemed to have been attached externally to the hair.
The arsenic concentration in the blood was 3 to 4 times as high as the control value, and analysis of the arsenic compounds for chemical species indicated slight increases in inorganic arsenite and arsenate.
The arsenic outputs in the urine of workers exposed to a high concentration dust of arsenic trioxide and those (As3+) in the urine of workers exposed to a low concentration dust were comparatively studied. The arsenite (As+3) output in the urine of workers exposed to the high concentration dust was significantly greater than that in the urine of workers exposed to the low concentration dust, while no significant difference was noted in dimethylarsinic acid (DMAA) output between the 2 groups.
This study demonstrated that the urinary output of inorganic arsenite (As3+) increase in the subjects exposed to arsenic trioxide.
When arsenic is absorbed into the human body, the major portion of it is excreted in the urine ; a small portion, in the stools and through the skin, hair and nails, and possibly a trace, through the lungs. Even if only a small amount of arsenic has been absorbed, a portion of the absorbed amount deposits in the skin, hair and nails where it is firmly bound to keratin. Storage in these metabolically "dead" tissues is responsible for the slow elimination rate of arsenic from the body.
Arsenic in the hair has been used as an index for monitoring the exposure of workers to arsenic, but its significance is detracted by the absence of a suitable method for distinguishing the externally depositing arsenic from the systemically depositind one.
Mappes1) described that the oral ingestion of arsenic trioxide once only was follwed by a rapidly decreasing urinary output of arsenic with an excretion half-time of 30 hours, and that the repeated oral ingestion of the arsenic resulted in an equilibrium at 5 days, when the urinary arsenic output was equivalent to 70% of the ingested amount. abruptly and significantly, a high arsenic output in the urine is liable to give rise to an erroneous interpretation unless the intake of such seafoods is considered.
A simultaneous, separate assay for inorganic arsenite (As3+), inorganic arsenate (As5+), methylarsonic acid (MAA) and dimethylarsinic acid (DMAA) has recently become possible.
In a previous paper, we reported that As3+ was the most increased of all chemical species of arsenic found in the urine within 12 hours after the oral ingestion of arsenic trioxide3).
It was recently studied which of As3+ and DMAA would increase in the urine of workers actually exposed to arsenic trioxide at 2 certain arsenic acid-manufacturing plants after the working hours, compared with those in the urine before the working hours.
MATERIALS AND METHODS

Subjects and materials
At Plant A, Workers Nos. 1, 2 and 3 were chosen as workers exposed to a high concentration dust of arsenic, and at Plant B, Worker No. 6 was chosen as such. At Plant A, Workers Nos. 4 and 5 were chosen as workers exposed to a low concentration dust. The production of arsenic acid through reacting arsenic trioxide with concentrate nitric acid was carried out in the arsenic trioxide reaction rooms in the plants, which were the working places for the workers exposed to the high concentration dust. The workers exposed to the low concentration dust at Plant A were workers who were not handling arsenic. The controls were volunteers from among the colleagues and students in our department.
The subjects were instructed to refrain from the ingestion of seafoods throughout the experimental period, starting 2 days before the beginning of experiment.
Sampling and pretreatment
The materials for the determination of airborne arsenic concentrations were sampled with a low volume air sampler to which a glass fiber filter was fitted, at the flow rate of 20 liters per minute for 50 minutes. The sampling was repeated 5 times a day for 3 days.
Hair samples were first washed with a neutral detergent and an ethanol-acetone mixture, and then cut finely. A 10 ml blood sample was collected from each subject at a time. These samples were transferred into 25 ml glass-stoppered test tubes, and after buffers.
The arsenic contained in the mixture was reduced into arsines with 2 ml of 10% NaBH4 in 0.2 N NaOH solution, and the arsines were then fixed with liquid nitrogen.
From the fixed arsines were separated the component arsines, which were determined by arsine-generator flameless atomic absorption spectrophotometry4).
RESULTS
Airborne arsenic : Arsenic in the hair : Table 2 shows the arsenic concentrations in the hair.
There was a tendency of the for the greater part of the airborne arsenic than As5+, while As5+ accounted for the greater part of arsenic in the hair than As+3. This finding suggests that the As3+ attached to the hair through exogenous contamination remains so attached to be slowly Table 4 . Concentrations of arsenic species in urine samples before and after working hours from high exposed group and low exposed group. AND H. YAMAUCHI oxidized into As5+.
Arsenic in the blood : Table 3 shows the arsenic concentrations in the blood of the workers exposed to arsenic and the control volunteers. The total arsenic concentrations in the workers were slightly higher than those in the controls. The chemical species of the arsenic compounds were that there was a tendency of inorganic arsenic compounds, As3+ and As+5, to slightly increase.
Arsenic in the urine : Table 4 shows the arsenic concentrations in the urine of the workers at Plants A and B before and after the working hours on 3 consecutive days. Because the ingestion of seafoods results in an increase in urinary output of arsenic, it is necessary to prohibit the subjects from eating seafoods prior to assay of their urine samples for arsenic. The subjects selected for the present study were instructed ro refrain from eating seafoods from 2 days before the experiment.
When the arsenic output patterns in the urine of the workers exposed to the high concentration dust (Workers Nos. 1, 2, 3 and 6) were compared with those in the urine of the workers exposed to the low concentration dust (Workers Nos. 4 and 5), both the As3+ concentration in the urine before the working hours and that after the working hours were higher in the former, while no significant difference was noted either in DMAA concentration in the urine before the working hours or in that after the working hours between the 2 groups of workers.
DISCUSSION
The hair, blood and urine of workers occupationally exposed to the dust of arsenic trioxide were analyzed for chemical species of arsenic to discuss the significance of arsenic contents of these materials as indices for biological monitoring.
With the airborne arsenic concentrations in the arsenic trioxide reaction room assumed as the high concentration dust of arsenic, and with that in the working places other than this reaction room at the same plant as the low concentration dust, the high concentration dust meant the exposure to 20 to 30 times as high an airborne concentration of arsenic as the low concentration dust. When the arsenic in the dust was analyzed for chemical species, As3+ accounted for not less than 80%, which was the same as the composition of arsenic trioxide used as the material.
When the arsenic in the hair of the workers were analyzed for chemical species, As5+ accounted for the greatest part, followed by As3+, and a trace of DMAA which was not detected in the dust was also found. In this instance, the arsenic in the hair seemed to be that which had been attached to the hair through external contamination.
The finding that As5+ accounted for a greater part than As3+ seemed to indicate that AND H. YAMAUCHI termination of DMAA was a better biological monitoring means than the determination of total arsenic, being sensitive even to the exposure to low concentrations of arsenic, and less influenced by the ingestion of seafoods.
In our prsent study, As3+ increased markedly in the workers exposed to the high concentration dust of arsenic, compared with that in those exposed to the low concentration dust, while DMAA in no significant difference. This finding did not agree with the observations by Smith et al . 8) , but was in accord with the results of our study by means of oral ingestion of arsenic trioxide described in a previous paper3).
